(19) 



Europdisches Patentamt 
European Patent Office 
Office europ^en des brevets 



(12) 



(43) Date of publication: 

28.07.1999 Bulletin 1999/30 

(21) Application number: 97480104.5 

(22) Date of filing: 30.12.1997 



(11) EP 0 932 194 A1 

EUROPEAN PATENT APPLICATION 

(51) lntCI«: H01L 21/66 



(84) Designated Contracting States: 


(72) Inventors: 


ATBECHDE DKESRFRGBGR lEiTLILUMC 


• Coronel, Pliiiippe 


NL PTSE 


91300 Massy (FR) 


Designated Extension States: 


• Vassilaids, Jean-Pfiilippe 


ALLTLVMKROSI 


91310 Leuville-sur-Orge (FR) 


(71) Applicants: 


• Maccagnan, Renzo 


91100 Villabe (FR) 


• International Business Machines 


• Canteloup, Jean 


Corporation 


91310 Montlh6ry(FR) 


Amionl(,N.Y. 10504 (US) 


• SORE INSTRUMENTS 


(74) Representative: 


r=-91290Arpa]on(FR) 


Klein, Daniel Jacques Henri 




Compagnie IBM France 




D^partement de Proprl^td Intellectuelle 




06610 UGaude(FR) 



o 

CM 
CO 

o> 

O 

Q. 

LU 



(54) Method and system for semiconductor wafer fabrication process real-time in-situ interactive 
supervision 



(57) Method and system for real-time in-situ interac- 
tive supennsion of a step performed in a tool during 
semiconductor wafer fabrication process. The system 
includes a tool and the computer attached thereto, an 
end point detection controller, a database and a super- 
visor to supervise the whole wafer processing for that 
step. The controller is used to monitor a key process 
parameter of the step and is adapted to perform in-situ 
measurements. The database contains the evolution of 
sard process parameter in normal operating conditions 
and in all the identified deviations. It further contains the 
history of the wafer until this step and a reference to the 
batch and process names for this step and the wafer 
identification number. After, the wafer has been loaded 
in the tool and before processing starts, a measurement 
is perfonned on the wafer, and the result stored in the 
databasa The result is retrieved to up-date a process 
parameter either at this step before processing starts or 
at a subsequent step to change the operating conditions 
thereof. During processing, the key parameter is contin- 
uously monitored by the controller. The signal is coded 
then analyzed in real-time in-situ by the supen/isor to be 
compared with corresponding data stored in the data- 
base. If a deviation to the normal process is detected, 
an alert code is flagged and the adequate action asso- 
ciated thereto immediately taken. At the end of the step, 
the important process parameters and the alert code (if 
any) are stored in the database to up-date the wafer his- 



tory. This technique allows a total dusterlzed wafer fab- 
rication process and prevents wafer rejection. 
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Description 

HELD OF INVENTION 

10001 ] TTie present invention relates to the manufac- 
ture of semioonductor integrated circuits and more par- 
ticularly to a method and a system for real-time in-situ 
interactive supervision of the semiconductor wafer fabri- 
cation process. Referring to a determined step of the 
wafer fabrication process (etch, deposition, ... ) per- 
formed in dedicated tool controlled by a computer, by 
real-time in-situ interactive supervision, it is basically 
meant a method which first includes the steps of moni- 
toring in real-time in-situ a plurality of process parame- 
ters in parallel by an end-point controller, comparing 
their evolution with the corresponding data describing 
the process step when correctly performed and the 
Identified defective deviations thereof that are stored in 
a database. Analysis rules developed to perform that 
comparison and associated rejection criteria defined by 
process engineers are coded in the form of algorithms 
and likewise stored in the database. If a process devia- 
tion is detected, an alert code is flagged to signal an 
alarm and the adequate action is immediately taken. 
The alert code is also stored in the database. In addition 
to the "alarm" related data, the method further includes 
the exploitation of data collected during the step either 
immediately or later on in a subsequent step. These 
data are also stored in the database and are used to up- 
date the operating conditions of a step before it takes 
place. Because these data are stored in the database 
during or at the end of the step and retrieved from the 
database for immediate or subsequent exploitation, the 
method is said to be "Interactive". A supervisor con- 
nected to the controller which monitor the processing 
step in consideration, to the computer and to the data- 
base is required to implement the method of the present 
invention. 

BACKGROUND OF THE INVENTiQN 

[0002] Due to the constant integration density 
increase, the f^ricafion processes that are used to 
date in the manufacture of semiconductor wafers for the 
production of integrated circuits (ICs) have to be very 
accurately controlled. For this reason, processing tools 
which are required to that end, are becoming more and 
more conplex. A processing tool can Include a plurality 
of chambers. arxJ in turn, each chamber can run a great 
number of processing steps. For money saving and high 
throughputs, the wafer is generally processed in 
sequence via said plurality of chambers of the tool 
under computer control. The selection of the chamber 
depends on a number of factors such as: availability, 
contamination level, specialization. ... etc. 
10003] New methods for tool and process characteri- 
zation such as in-situ contamination monitoring, meas- 
urements, gas analysis and the like, are now of comnfK)n 



use in the semiconductor industry All these characteri- 
zation techniques produce huge quantity of data of var- 
ious types. In particular such data include the physical 
process parameters such as: gas flows, pressures. RF 

5 powers, temperatures, and the like, that are perma- 
nently under computer control during a detemnined 
step. Other data include results provided by controllers 
(e.g. etch rates) which continuously monitor the process 
and by measurement units. All these data that are of 

10 paramount importance for the current step and for the 
next step(s) have not been effectively exploited so far. 
[0004] As a matter of feet, to date, only physical proc- 
ess parameters are temporarily stored in the tool com- 
puter. These data are sometimes exploited for further 

15 analysis/investigations at the end of the process but 
they have never been used so far In real-time in-situ for 
the benefit of nether the wafer under processing nor In 
the subsequent steps. In particular, the data related to 
the stepAvafer history are not available to the controllers 

20 or the computer for a later exploitation. 

[0005] Fig. 1 schematically shows a conventional sys- 
tem of tiie prior art referenced 1 0 that implements a typ- 
ical process flow for processing semiconductor wafers. 
The description which follows will be made by reference 

j?5 to a multi-chamber RIE tool such as the AME 5000 
manufactured by Applied Materials, Santa Clara, CA, 
USA, that is adapted to perform a sequence of steps for 
etching different materials at the surface of the wafer. 
However, ottier tools such as deposition equipments 

30 and the like may be envisioned as well. Now turning to 
Fig. 1. system 10 is thus comprised of such a RIE etch- 
ing tool 1 1 vAth a tool computer 12 associated thereto. 
As apparent from Fig. 1 , tooll 1 is only comprised of two 
chambers 11-1 and 11-2 for sake of simplicity, but in 

35 reality, it must be understood that it may have more, for 
instance, up to six independent chanUjers. Still for sake 
of simplicity, we will assume that each chamber per- 
forms the same sequence of processing steps, labelled 
A. B. .... I X. A data bus referenced 13 provides the 

40 electrical connection between the tool chambers and 
the computer 1 2 for data flow exchange therebetween. 
[0006] At initialization, computer 12 down-loads the 
physical process parameters of step A into chamber 1 1 - 
1 or 11-2 as appropriate. Typical physical process 

45 parameters are gas flows, pressures, RF powers, tem- 
peratures and the like. Then, step A is performed and is 
generally stopped after a fixed time. This procedure 
applies for the other steps B, C. ... X, whenever neces- 
sary During tiiese steps, computer 12 checks the differ- 

50 ent physical process parameters via data bus 13 for 
process conti-ol and only stops tiie cunent process if 
one of tiiem passes beyond a predefined limit. A stop 
generally occurs after a serious hardware failure such 
as a RF power shut-down or a gas flow missing. 

55 [0007] Figure 2 describes an improved version of the 
system depicted in Fig. 1 now referenced 10'. the same 
elements bearing the same references. For sake of 
illustration, only three (A to C) and one (A) processing 
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Steps are performed In chambers 1 1 -1 and 11 -2 respec- 
tively. In addition to the tool 1 1 . the computer 12 and the 
data bus 13 connected therebetween, the improved 
system 10' indudes additional equipments associated 
to each tool chamber. As apparent in Fig. 2. two etch 
end-point detection (EPD) controllers 14-1 and 14-2 are 
provided with optical ffoers 15-1 and 15-2 to view the 
plasma inside chambers 11-1 and 11-2 respectively 
The role of these EPD controllers is only to perform opti- 
cal/interferometric measurements. An adequate EPD 
controller that can be used in system 10' is the 
DIGISEM or DIQITWIN sold by SOFIE Instr., Arp^on. 
FRANCE. However. In the present application. "EPD" 
denotes either "etch end point detection" or more gener- 
ally "end point detection", for instance, if a deposition 
process is used instead of an etch process. Likewise, 
two control devices 16-1 and 16-2. typically particle 
counters, gas detectors, mass spectrometers and the 
like are associated to chambers 1 1 -1 and 1 1 -2 respec- 
tively. The nature of these control devices depends on 
the function: etching, deposition. ... of the tool in consid- 
eration. Control devices are used by tine operators for 
visual inspection of the on-going process, so that they 
may stop it in case of need, for instance, if a contamina- 
tion in excess is detected by a particle counter. Finally, 
two measurement units 1 7-1 and 1 7-2 are necessary for 
intermediate and post-processing measurements to 
determine whether or not the wafer is still within the 
specifications at the output of each chamber. Note that, 
in some cases, measurement units 17-1 and 17-2 can 
designate a single and same unit 1 7. As apparent in Fig. 
2, these measurement are respectively performed at 
the output of chambers 11-1 and 11-2. Measurement 
units and control devtees are generally provkled with a 
k>cal database to record the main events for subsequent 
review by the operators at the end of tiie process. Data 
bus 18 provides the necessary electrical connection 
between the computer 12 and the EPD controllers 14-1 
and 14-2 for an elementary data exchange. As a matter 
of fact, the rde of EPD controllers is only to signal that 
the etch end point has been detected or rf not, that the 
processing step has reached the maximum altowed 
time for that determined step. 
[0008] The operation of system 10* is relatively simple. 
Let us assume that for sake of simplicity, that (1) only 
three steps labelled A to C are performed in the first 
chamber 1 1-1 with only two steps (A and C) monitored 
by EPD controller 14-1 and (2) only one step (A) is per- 
formed in chamber 11-2. First, computer 12 down-loads 
physical process parameters to chamber 11-1 via data 
bus 13 the way described above, and in the meantime, 
the identification number of the algorithm to be used in 
step A is sent to EPD controller 1 4-1 via bus 1 8. Starting 
step A in chamber 11-1 also starts the EPD controller 
14-1 scanning of the selected etch end point parameter, 
typically a specific radiation wavelength tiiat is emitted 
by a determined layer at the surface of the wafer. A 
surge in the signal representing this emission indicates 



that the end point has been reached. However, other 
parameters can be used as well. The signal transmitted 
via optic fiber 15-1 is processed in EPD controller 14-1 
to detect the etch end point. In that case, a signal is 

5 emitted by EPD conti-oller 1 4-1 via data bus 18 to inform 
computer 12 that the etch end point has been reached 
and that step A must be stopped. In the contrary. EPD 
controller 14-1 informs computer 12 that the maximum 
allowed time has been reached. Next, step B is initiated. 

10 The duration of this step is not monitored by EPD con- 
frolier 14-1, so ttiat it is therefore determined by a time 
fixed by the user. Let us assume that step C is per- 
fomied the same way as step A. i.e. it is also monitored 
by EPD controller 14-1. Once step C has been com- 

15 pleted, the wafer is sent to the measurement unit 1 7-1 
to check whether or not its complies with the specifica- 
tions. Only good wafers are loaded in chamber 1 1-2 to 
continue processing. Once step A Is achieved in cham- 
ber 11-2, a new measurement step is performed in 

20 measurement unit 17-2. It Is important to notice, that 
none of these steps A to C performed in the first cham- 
ber interferes witii another, nor with the step performed 
In tiie second chamber. In other words, all these steps 
are sequentially performed without any influence of a 

2s previous step on the following step. As mentioned 
above, during these steps, computer 12 checks all dif- 
ferent phystoal process parameters and stops current 
process only one of them passes beyond a predefined 
limit Optionally a summary of these physical process 

30 parameters can be uploaded in the database of compu- 
ter 12 for subsequent analysis. However, the real status 
of the wafer after each processing step is totally 
unknown for the conputer. 

[0009] A better understanding of the complex interac- 

35 tions between the system 1 0' of Fig. 2 and the wafer fab- 
rication process itself will be best understood by tiie 
following description made by reference to Figs. 3 to 5 
when the system 10' is used to perform the so-called 
"AB ETCHT AB STRIP" in the course of the trench for- 

40 mation process in DRAM chips. The "AB ETCH" is com- 
prised of three etching steps (labelled A. B and C) 
performed in sequence in the same chamber, i.e. 11-1 
of the etch tool 1 1. The "AB ETCH" is followed by the 
"AB STRIP", a single step (labelled A) In chamber 11-2 

45 that aims to remove tine photoresist material remaining 
after these three etching steps. The "AB ETCH/AB 
STRIP" process has been chosen because it is consist- 
ent witti the above desaiption made by reference to Rg. 
2 but also because it is a good introduction to the 

50 metiiod and system of the present invention. Please 
refer to European Pat. appl. No 756,318 for more 
details. The "AB ETCH" process will be first briefly sum- 
marized hereinbelow. 

[0010] us consider Fig. 3 which is comprised of 
55 Rgs. 3A to 3D. Now turning to Fig, 3A, there is shown a 
portion of a semiconductor wafer illustrating a structure 
referenced 19 at the initial stage prior to the "AB ETCH" 
process properly said. Structure 19 to be etched 
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includes a silicon substrate in which shallow trenches 
20A and 20B have been selectively formed using an in- 
situ Si3N4 mask layer 21 . These trenches are filled with 
TEOS Si02 material by the deposition of a conformal 
layer 22. At this stage of the labrication process, small 
and wide depressions referenced 23A and 23B are 
formed in layer 22 above trenches 20A and 20B respec- 
tively as shown in Rg. 3A. Planarization of structure 19 
then requires the successive deposition of two photore- 
sist layers. A photoresist layer (AB1 ) 24 with a thickness 
of 830 nm is first deposited onto the structure 22. then 
exposed, baked and developed as standard to leave a 
patterned layer referred to as AB1 mask still referenced 
24. In essence, the aim of this mask 24 is to fill the wide 
depressions 23 B and a determined amount of small 
depressions such as 23A. Next, a second 830 nm thick 
layer (AB2) 25 of the same photoresist is applied over 
layer 24. then baked. After this second step, we can 
consider that the wafer surface is coarsely planar. 
[001 1 ] Now. the coarsely planarized surface of the Fig. 
3A structure will be transferred to the TEOS Si02 layer 
22 to produce a thinner but substantially planar layer of 
TEOS Si02 all over the silicon wafer according to the 
"AB ETCH" process. The "AB ETCH" process is com- 
pleted in three different steps labelled A to C. All these 
steps are achieved in a single chamber of the AME 
5000 plasma etcher as mentioned above. 
[0012] According to the first step, referred to as step 
A. the top resist layer 25 is etched until the surface of 
the TEOS Si02 layer 22 (at mount locations) is reached. 
By means of an adequate algorithm. EPD controller 14- 
1 is used to detect the AB2 layer 25/rEOS 8102 layer 
22 interface, by detecting a SiO ray having a wavelength 
of 230.0 nanometers. 

[001 3] Rg. 4 shows the plot displayed on EPD control- 
ler 14-1 screen at the end of step A, Curves 26 and 27 
respectively show signal SI which illustrates the 230.0 
nm SiO intensity as a function of time during this first 
step A and its derivative signal S'1 . On the other hand, 
curves 28 and 29 respectively show signal 82 which 
illustrates the intensity of a CO ray having a wavelength 
of 483 nm and its derivative signal S'2. Signal S*2 allows 
to determine the etch rate of AB2 layer 25 as standard. 
Signals SI and S2 result from optical measurements. 
Signals depicted in Rg. 4 are illustrative of a structure 
19 without any defect and an etch process perfectiy 
conducted. The surge that can be noticed in signal S'1 
(curve 27) is used as the etch end point criteria for step 
A. A short over-etching is then conducted to terminate 
this step. At this stage of the process, the structure 19 is 
shown in Rg. 3B. 

[001 4] Now. the second step B is performed to remove 
a given amount (about 160 nm) of the AB1 photoresist 
and TEOS Si02 layers with a different non selective 
etching chemistry The resulting structure is shown in 
Rg. 3C. 

[0015] In the third and last step C. ttie TEOS Si02 
layer 22 is etched using the AB1 resist layer as an in- 



situ mask. To that end. controller 14-1 now performs an 
interferometric measurement of the type described in 
European Pat. No 735.565 to Auda et al jointly assigned 
to IBM Corp. and SOFIE Inst, to determine the etch 

5 end-point. Briefly said, a light beam generated by a mer- 
cury lamp is applied to the wafer. According to that ref- 
erence, two different wavelengths are used to control 
the amount of TEOS Si02 layer 22 etched from a given 
starting point so called "RATE TIME", 

10 [001 6] Fig. 5 shows the plot displayed on EPD control- 
ler 14-1 screen at the end of step C. Ounces 30 and 31 
respectively illustrate signals S3 and S4 that are repre- 
sentative of the 404.7 nm and 435.8 nm Hg radiation 
intensity as a function of time. Curves 32 and 33 illus- 

15 trate tiieir respective derivative signals S'3 and S'4. 
Botfi wavelengths can be used for etch end point deter- 
minatioa The typical shape of curves 30 to 33 are still 
illustrative of a structure 1 9 without any defect and of an 
etch process correctiy performed. The sine-shaped 

20 curves 30 and 31 allow an easy determination of the 
etch rates at step C. The reader may wish to consider 
the Auda et al reference for more details related to this 
particular measurement technique. At the end of the 
"AB ETCH" process, the targeted TEOS Si02 thickness 

25 remains over the Si3N4 mask layer 21. The resulting 
structure is shown in Rg. 3D. 
[0017] Tlie interactions between the different consti- 
tuting parts of system 10' and tfie "AB ETCH/AB STRIP" 
process therefore read as follows. Rrst the wafer to be 

30 etched is introduced in chamber 11 -1 of the AME 5000 
plasma etcher tool 1 1 . Then, the etch process of step A 
starts, so does EPD controller 14-1. When etch end 
point is found, step A is stopped. Then, step B is initi- 
ated. Once step B Is finished after a fixed period of time. 

35 Step C is completed as described by reference to step 
A. Rnally. after completion of the whole sequence of 
steps A to C, tiie wafer is sent (may be true for some 
sample wafers only) to measurement unit 17-1 in order 
to determine whetiier tiie remaining TEOS layer 22 

40 thickness Is witiitn specifications or not. If remaining 
TEOS layer 22 is too thin, the wafer is rejected. If 
remaining TEOS layer 22 is too thick, the wafer is sent 
back to the chamber 11-1 for rework. Reworked wafers 
are measured again. Good wafers are loaded in a cas- 

45 sette and then sent to chamber 11-2 for stripping the 
remaining of photoresist AB1 layer 24 according to step 
A of the "AB STRIP- process. After the "AB STRIP" 
process has been completed, the wafer is sent to meas- 
urement unit 1 7-2 to check if tills step has been satisfac- 

50 torily performed. 

[001 8] The atxve step sequence for a correctly proc- 
essed wafer may be schematk;ally summarized as fol- 
lows. 

55 1) Unbad wafer from cassette and load wafer in 
chamber 11-1. 

2) Run ttie three steps A to C of the "AB ETCH" 
process. 
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3) Measure the remaining TEOS Si02 layer thick- 
ness in measurement unit 17-1 . Dismiss bad wafer 
for rejection or rework. 

4) Load wafer in chamber 11-2. 

5) Run the single step A of the "AB STRIP" process. 

6) Unload wafer from tool and toad wafer in cas- 
sette. 

6) Perform post-processing check in measurement 
unit 1 7-2. Dismiss bad wafer for rejection or rework 

7) Go to the next process. 

[0019] The intermediate steps of loading/unloading 
the wafer into/from the cassette have not been men- 
tioned for sake of simplicity. 

[0020] The process flow showing the different 
processing/measurements steps conducted in their 
respective tools/equipments is shown in Rg. 6. As 
apparent from Fig. 6. because the TEOS Si02 layer 
thickness needs to be checked in measurement unit 1 7- 
1 before it is sent to chamber 1 1 -2. the *'AB ETCH" proc- 
ess cannot be clusterized, i.e. a direct transfer between 
chambers 11-1 and 1 1 -2 is impossible. In others words, 
this process cannot be qualified as "in-situ" because the 
wafer leaves the vacuum of tool 1 1 for that measure- 
ment step. Rnally. this sequence of steps terminates by 
another mandatory measurement step in measuring 
unit 17-2. 

[0021] In addition, using EPD controller 14-1 to control 
steps A and C does no guarantee a conect "AB ETCH" 
process. Some serious problems that often occur at this 
stage of the fabrication process may lead to reject a 
number of wafers. One can distinguish among these 
problems, according to a coarse dassiftoation. those 
related to misprocessing errors, process drifts and tool 
failures. A typical misprocessing error consists to have 
AB1 or AB2 layer (or both) missing. For instance, if the 
AB2 layer 25 is missing, the EPD controller 14-1 will 
wait the occunrence of a transition in the S'1 signal 
(related to the 230 nm SiO ray) which will never happen. 
As a consequence, step A will stop at the end of the 
maximum allowed time. In this case, the wafer must be 
rejected because during this step, there has been per- 
formed an undesired over-etching of the AB1 mask 
layer 24 and of the TEOS Si02 layer 22. The wafer is 
definitely damaged and is no longer reworkabte. The 
other most commonly observed misprocessing errors 
are: a non-exposure of the AB1 photoresist layer 24, the 
TEOS Si02 layer 22 thickness out of specifications or 
the TEOS Si02 layer simply missing. A deposition of 
polymers on the view-port surface of the AME 5000 
plasma etcher will produce process drifts that could be 
detrimental to keep the wafer within specifications. 
Finally, an electrical misfunction on the buses or a RF 
shut-down are typk^al examples of tool failures. 
[0022] For these reasons, the "AB ETCH" process 
needs to be constantly under human control as it is the 
only way to react if a problem occurs. The operator must 
periodically adjust parameters in the course of the proc- 



ess depending on its evolution, making thereby very dif- 
ficult any automation attempt. Moreover, because there 
is no possibility to intervene during the process, a prob- 
lem is only detected when a wafer is extracted from a 

5 chamber, so that it is too late to save the wafer which is 
often no longer reworkable. As a matter of facX, with the 
Fig, 2 system, about 5% of the wafers are rejected at 
the end of the "AB ETCH" process. Finally, it has also to 
be noticed that the "AB ETCH" process is slow because 

10 the measurement step performed in unit 1 7-1 necessi- 
tates a wafer loading/unloading operation in the cas- 
sette before a transfer between the two chambers takes 
place. 

[0023] In summary, none of the system configurations 

15 shown in Figs. 1 and 2 is able to react in real-time in-line 
to any of the above mentioned problems during the cur- 
rent processing step: wafer misprocessing, process 
drifts, and tool failures to Immediately undertake the 
right corrective action. Moreover, none of these systems 

20 is able to take profit of the wafer history (i.e. all the 
events that occurred to the wafer prior to the current 
step) to change a process parameter during the current 
step or in a subsequent step. Moreover, these system 
configurations result In non automated tools because no 

2S clusterization Is possible, so that the totality of the wafer 
processing cannot be perfbntied in-situ in a nujlti-cham- 
ber tod. Mandatory intermediate and post-processing 
measurement steps slacken the process flow. Conse- 
quently, it would be highly desirable to develop a 

30 method and a system that would get rid of all these 
drawtjacks. 

SUMMARY OF THE PRE9ENT INVENTION 

35 [0024] It is therefore a primary object of the present 
invention to provide a method and a system for semi- 
conductor wafer fabrication process real-time in-situ 
interactive supervision. 

[0025] It is another object of the present inventton to 
40 provide a method and a system for semiconductor wafer 
fabrication process real-time in-situ interactive supervi- 
sion that get rid of misprocessing errors, process drifts 
and tool failures by real-time detection thereof during 
wafer processing. 
45 [0026] It is another object of the present Invention to 
provide a method and a system for semiconductor wafer 
fabrication process real-time In-situ interactive supervi- 
sion tiiat significantly reduce tiie wafer rejection rate for 
increased manufacturing yields by stopping the 
50 processing or by-passing the next steps while the wafer 
is still reworkable. 

[0027] it is another object of the present Invention to 
pirovde a method and a system for semiconductor wafer 
fabrication process real-time in-situ interactive supervi- 
55 sion that significantly reduce the wafer reworking. 

[0028] It is another object of the present invention to 
provide a method and a system for semiconductor wafer 
fobrication process real-time in-situ interactive supervi- 



40 



45 



50 



5 



9 



EP 0 932 194 A1 



10 



sion that drastically reduce processing costs and turn- 
around time. 

[0029] It is another object of the present invention to 
provide a method and a system for semiconductor wafer 
febrication process real-time in-situ interactive supervi- s 
sion that obviate the necessity of having a permanent 
human control for better automation. 
[0030] It is still another further object of the present 
Invention to provide a method and a system for semi- 
conductor wafer fabrication process real-time in-situ 
Interactive supervision that eliminate all standard off- 
line measurements, including post-processing meas- 
urements to speed-up wafer processing and increase 
the daily going rate (DGR). 

[0031] It is still another further object of the present 
invention to provide a method and a system for semi- 
conductor wafer fabrication process real-time in-sKu 
Interactive supervision that allow to process only good 
wafers to avoid unnecessary processing time and wafer 
waste. 

[0032] It is still another further object of the present 
invention to provide a method and a system for semi- 
conductor wafer fabrication process real-time in-situ 
interactive supervision that allow a full clusterized (i.e. 
in-situ) process tracking all direct transfers, i.e. a direct 
transfer of the wafer from one chamber to another of the 
same tool without breaking the vacuum. 
[0033] It is still another further object of the present 
invention to provide a method and a system for semi- 
conductor wafer fabrication process real-time in-situ 
Interactive supervision that incorporate in-situ measure- 
ments, the results of which are stored in a database to 
build the step/wafer history. 

[0034] It is still another further object of the present 
invention to provide a method and a system for semi- 
conductor wafer fabrication process real-time in-situ 
interactive supervision wherein the the key process 
parameters of a step are ^ored in a database at the end 
of the step to build the stepAtvafer history. 
[003Q It is still another further object of tiie present 
invention to provide a method and a system for semi- 
conductor wafer fabrication process real-time in-srtu 
interactive supervision that take into account the previ- 
ous stepAvafer history during current wafer processing. 
[0036] It is still another further object of the present 
invention to provide a m^hod and a system for semi- 
conductor wafer ^ication process real-time in-situ 
interactive supervision wherein data stored in the data- 
base are reti'ieved therefrom to up-date a process 
parameter before the step is started. 
[0037] The accomplishment of these and otfier related 
ot^ects Is achieved by the supervisor and the supervi- 
sion method of the present invention. 
[0038] A preliminary but essential step of the method 
consists to establish an adequate database. Rrst of all. 
for each step of the process, process engineers select 
one or several process parameters that allow to monitor 
that step. The database first contains data relative to the 



evolution of selected process parameters during a 
determined step of the wafer fabrication process when 
tills step takes place normally and tiie evolutions of 
ttiese selected process parameters in case of identified 
deviations. These identified deviations are based on all 
the possible causes of wafer rejection known to tiie 
process engineers so far. The process engineers define 
tiie set of analysis rules tiiat permit to characterize 
tiiese deviations and establish tfie con-esponding rejec- 
tion criteria. These rules are coded in the form of algo- 
rithms ttiat are also stored in the database. These 
algorithms are tiius adapted to subsequently monitor 
said selected process parameters during this step and 
detect any identified deviations. An alert code and an 
action, still based upon process engineers knowledge, 
are assigned to each deviation and coded the same way 
in tiie database. For instance, the cunrent step can be 
stopped at any time in case of emergency or the next 
steps by-passed If so required by the alert code. The 
whole set of alert codes constitutes the alarms of tills 
step in consideration. These operations are performed 
for each processing step of tiie wafer fabrication proc- 
ess and for each tool of the manufacturing line wherever 
possible. 

[0039] Now, during a determined step of the wafer 
processing, the different monitoring equipments (EPD 
controllers, control devices. ... } tiiat are selected to con- 
tinuously monitor tfie selected process parameters for 
tiiat step, generates data (e.g. electric signals) tiiat are 
in real-time in-situ compared with tiie data stored in tiie 
database by said analysis algorithms. This analysis is 
performed in a dedicated unit referred to as a supervisor 
which receives data from said monitoring equipments 
and has an adequate connection with tiie database. If a 
deviation is detected, the supervisor emits the alert 
code to tiie computer controlling the process tod to flag 
an alarm and it takes an immediate and appropriate 
action; ottienfvise, the process is continued to its normal 
end. 

[004O] At the end of that step, tfie key process param- 
eters, the evolution of the selected process parameters 
during this step and the alert code (if any) are stored in 
the database. According to an important feature of tiie 
mettiod and system of the present invention, the moni- 
toring equipment is provided with a local measurement 
unit to perform in-sito measurements (e.g. a thickness) 
before tiie step takes place. The data related to ttiese 
measurements are coded and also stored in tiie data- 
base. These data can be used either immediately or in 
a subsequent step to up-date some process parameters 
(e.g. an etch rate) of tiie step in consideration to modify 
tfie step current operating conditions. All the impatant 
data that are representative of the processing for that 
step constitutes "step reporT of that step and Is stored 
in the database. In the database, the wafer history is tiie 
sum of ail tiie step reports for a determined process and 
a determined wafer. The wafer history is thus the essen- 
tial element for ttiis up-date. The sum of the "wafer his- 
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tory" of all the wafers of a batch constitutes the TDatch 
history". In turn, the "batch history" of a plurality of 
batches can be exploited, in particular for statistics pur- 
poses, for instance for preventive/)3redictive mainte- 
nance. Among other advantages, one may note that 5 
only "good" wafers will be completely processed for 
higher throughputs and that a total clusterized in-situ 
wafer labrication process is now possible. 
[0041 ] The novel features believed to be characteristic 
of this invention are set forth In the appended claims. 10 
The invention itself, however, as well as these and other 
objects and advantages thereof, will be best understood 
by reference to the following detailed description of an 
illustrated preferred embodiment to be read in corijunc- 
tion with the accompanying drawings. 15 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] 

20 

Fig. 1 shows a conventional system of the prior art 
for processing semiconductor wafers which is com- 
prised of a two-chamber processing tod and a ded- 
icated computer. 

25 

Rg. 2 shows an improved version, still conven- 
tional, of the Rg. 1 system which now includes dif- 
ferent additional equipments (EPD controllers, 
control devices, ...) for a more efficient operation. 

30 

Rg. 3 which is comprised of Rgs. 3A to 3D shows a 
semiconductor structure undergoing the sequence 
of steps of the "AB ETCH" process. 

Rg. 4 shows the plot of signals displayed by an 35 
EPD controller monitoring step A of the "AB ETCH" 
process in a plasma etcher chamber when the 
structure is without defect and when the etch proc- 
ess of step A is performed correctly. 

40 

Rg. 5 shows the plot of signals displayed by the 
EPD controller monitoring step C of the "AB ETCH" 
process in the same chamber when the structure is 
without defect and when the etch process of step C 
is performed conrectly. 4S 

Rg. 6 shows the flow chart of the "AB ETCH/AB 
STRIP" process when conducted with the Rg. 2 
system when the process tool Is a plasma etcher. 

60 

Rg. 7 shows the novel system according to the 
present invention wherein a supervisor is now 
added to the Fig. 2 system. 

Rg. 8 shows the plot of signals displayed by an ss 
EPD controller monitoring step A of the "AB ETCH" 
process when the structure enters step A with the 
AB1 photoresist layer missing. 



Rg. 9 shows the plot of signals displayed by the 
EPD controller monitoring step A of the "AB ETCH" 
process when the AB1 photoresist layer has not 
been patterned by any lithographic step. 

Rg, 10 shows the plot of signals displayed by an 
EPD controller monitoring step A of the "AB ETCH" 
process when the structure enters step A with the 
AB2 photoresist layer missing. 

Rg. 11 shows the plot of signals displayed by the 
EPD controller monitoring step A of the "AB ETCH" 
process when there is an undesired polymer depo- 
sition onto the plasma etcher chamber view port. 

Rg. 12 shows the plot of signals displayed by an 
EPD controller 14-2 monitoring step C of the "AB 
ETCH** process when the structure enters step C 
with a photoresist drop in the middle of the wafer. 

Rg. 13 shows the plot of signals displayed by the 
EPD controller 14-1 monitoring step A of the "AB 
ETCH" process when there Is a RF shut-down of 
the plasma etcher during the etch process. 

Rg. 14 shows the flow chart that summarizes the 
different steps to create the database according to 
the method of the present invention. 

Rg. 15 shows the flow chart that summarizes the 
essential steps involved in the real-time In-situ 
novel process flow according to the method of the 
present invention when applied to any processing 
step of the wafer fabrication process. 

Rg. 16 schematically shows the flow chart that 
summarizes the construction of a wafer history from 
the set of step reports and of the batch history 
formed by the juxtaposition of the wafer history of 
each wafer of the batch. 

Rg, 17 shows the flow chart of the "AB ETCH/AB 
STRIP" process when conducted with the Rg. 7 
systmn of the present invention. 

Rg. 18 shows a variant of the Fig. 17 flow chart still 
according to the present invention. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

THE NEW SYSTEM INCLUDING A SUPERVISOR 

[0043] The new system referenced 34 is shown in Rg. 
7. With regards to the improved system of the prior art 
depicted in Rg. 2, identical elements bear the same 
numeral. Turning to Fig. 7, the main differences lie in the 
addition of a dedicated unit referred to as the supervisor 
referenced 35 and at least one measurement unit Inter- 
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nally mounted in an EPD controller and/or in tool 11 . As 
a result, the external measurement units 17-1 and 17-2 
that are no longer necessary are suppressed. Accord* 
ing to an important feature of the present invention, a 
measurement unit referenced is internally mounted in 
an EPD controller (e.g. 14-1) or in the tool 11. In the first 
case, the measurement unit (e.g. 17'-1) performs an 
indirect measurement (e.g. an etch rate) through the 
tool view-port On the contrary, in the latter case, the 
measurement unit {e,g. 1 7^ performs a direct measure- 
ment (e.g. a thickness) on the wafer before it enters in 
any of the chan^rs composing the multi-chamber tool 
11. Such a measurement unit is thus adapted to per- 
form in-situ measurements on the wafer without a vac- 
uum break. Measurement results are transmitted in 
real-time to supervisor 35. As far as thickness measure- 
ments are concerned, an adequate measurement unit 
is the DICITOM. sold by SOFIE Instr., Arpajon, 
FRANCE. Because now a direct wafer transfer between 
chambers 11-1 and 11-2 is now possible, the tool 11 is 
considered to be fully clusterized, permitting thereby a 
so-cailed "in-situ" process. As apparent in Fig. 7, Super- 
visor 35 includes an internal database, however it 
should be understood that an external database could 
be used instead. Supervisor 35 is connected on the one 
hand to the computer 1 2 via a bidirectional data bus 36. 
typically a SECS 11 linK and on the other hand to EPD 
controllers 14-1, 14-2 and measurement unit 17* via 
bidirectional data bus 37-1 . 37-2 and 37-3 respectively 
However, some intelligence can be optionally installed 
in the EPD controllers If the supervisor has too many 
tasks to handle. This can be achieved by adding com- 
puting and storage capabilities in the EPD controller 
itself. An electronic card with a microprocessor and a 
few memory modules would be adequate in that 
respect Optionally, control devices 16-1 and 16-2 can 
be connected to supervisor 35 via data bus 36. so that 
the supervisor 35 is also able to Ibilow the process evo- 
lution as viewed by said control devices and not only by 
EPD controllers. The supervisor 35 has thus both com- 
puting and data storage capabilities. It is important to 
remark that computer 12 has the role of controlling the 
physical process parameters of tool 1 1 during the wafer 
processing while supervisor 35 is mainly interested by 
what happens to the wafer itself. This is the reason why 
it is connected through a data bus network to the EPD 
controllers (and thus to the measurement units 
enctosed therein), to measurement urut 17", and finally 
to the control devices whenever necessary. 

THE NOVEL METHOD OF SUPERVISION 

SETTING-UP THE "ALARM" COMPONENT OF A 
DATABASE 

[0044] The method of the present invention first 
requires the preliminary step of creating a database 
containing "alarm** related data. For each step, the proc- 



ess parameters that are determining for the monitoring 
of this step are selected. They are monitored to estab- 
lish the set of correct process data, corresponding to the 
normal situation, the evolution of which will be used as 

5 the reference for the analysis to be sutisequently per- 
formed according to the method of the present inven- 
tion. Then, for each potential cause of wafer rejection 
identified by the process engineers, the same process 
parameters (or a few of them, those that are the most 

10 adapted to that particular deviation) are monitored to 
understand their drifts with respect to the reference evo- 
lution mentioned above. These deviations are based on 
all the possible causes of wafer rejection identified so 
far. All the data so collected which are representative of 

75 the normal situation and of the identified abnormal situ- 
ations for this step are stored in the database of super- 
visor 35. In turn, these drifts are analyzed by the 
process engineers who then define a set of rules, 
referred to as the analysis rules, wherein the rejection 

20 criteria which characterize each particular deviation 
witii respect to the normal process are defined. These 
analysis rules are formulated in the form of algorithms 
and likewise stored in the database. Finally, to each 
identified deviation corresponds an alert code and an 

25 action defined by tiie process engineers. The alert 
codes may have different levels of priorities. On the 
other hand, the actions to be undertaken may be very 
different depending upon the seriousness of the devia- 
tion. The data related to tfie alert codes are also stored 

30 in tiie database. The above procedure is repeated for 
every step until the last step of the process in consider- 
ation is performed. The database which incorporates all 
these alarm related data is the first component of a 
larger database referred to as the database. 

35 [0045] The few following examples will illusti-ate tiiis 
preliminary step of creating such a database "alarm" 
component. For consistency with tfie inti-oductory part 
of this application, they all relate to three steps of the 
"AB ETCH" process, so that th^ will be described by 

40 reference to structure 1 9 shown in Rg. 3. 

EXAMPLE I 

[0046] As mentioned above, at the initial stage of tiie 
45 "AB ETCH" process, i.e. step A, photoresist layer AB1 is 
normally present. The case where structure 19 has no 
defect Is represented by curves 26 to 29 in the graph of 
Rg. 4. As apparent from Rg. 4. the derivative signal S*1 
(curve 27) exhibits a very sharp fransient at the end of 
50 the step. Now turning to Rg. 8 which illustrates the sig- 
nals SI , S'1 , S2 and S2 when the AB1 photoresist layer 
24 is missing. In this case, the S'1 signal represented by 
curve 34 has a more gradual slope instead. This differ- 
ence will be used by the process engineers to distin- 
55 guish tiie two cases. To characterize the absence of the 
AB1 photoresist layer, the following rule has been 
established: if signal S*1 is higher than 500 (arbitrary 
units) and lower than 1600 during at least about 25 s, 
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the AB1 photoresist layer is considered missing. Then, 
the process engineers have examined the consequence 
of such a situation. If AB1 photoresist layer is missing 
and step A performed as usual, during steps B and C. 
the totality of the TEOS Si02 layer 22 will be etched 
leading to a major cause of rejection. Therefore, as 
soon as the AB1 photoresist layer is detected "^missing" 
the etching must be immediately stopped, so that in this 
case, the alert code is "IMMEDIATE STEP STOP" and 
the recommended action is to by-pass steps B and C in 
chamber 1 1 -1 . In tNs case, the wafer is reworkable. 

EXAMPLE II 

[0047] Let us assume that the wafer has not been sub- 
mitted to the AB1 lithography step. As a result the two 
photoresist AB1 and AB2 layers 24 and 25 are present 
in their totality at the surface of the structure 19 before 
the wafer is processed at step A. Fig. 9 shows signals 
SI, S'1. S2 and S'2 In that particular situation. In this 
case, process engineers have selected signal S'2 of 
curve 35 which d^ines the etch rate and thus the 
etched thickness. The rule specifies that If etched thick- 
ness exceeds 10% of the nominal value, the process 
shoukJ be stopped, otherwise it will continue until the 
maximum allowed time be reached. Because, the etch 
end point of step A will never occur, the TEOS Sf02 
layer 22 will never be etched, this Is why the etch proc- 
ess must thus stop without delay. The alert code will be 
again "IMMEDIATE STEP STOP" and the recom- 
mended action is to by-pass steps B and C. In the 
instant case, the wafer Is not damaged, it just needs to 
be reworl^. 

EXAMPLE III 

[0048] Still another frequent failure that occurs in the 
manufacturing at the "AB ETCH^ level is the absence of 
the AB2 photoresist layer 25. If AB2 photoresist layer 25 
is missing when step A is initiated in chamber 1 1 -1 , the 
chemistry that is cun'ently used at this step, etches both 
the TEOS 8102 material of layer 22 and the photoresist 
material of AB1 layer 24 at the same rate. In a few min- 
utes, the totality of the AB1 photoresist Is removed plus 
a large amount of the TEOS Si02 material. As a conse- 
quence, the wafer needs to be rejected at this stage of 
the fabrication process. In this case, signal S*1 will be 
used, and as soon as an interference is detected, which 
means that TEOS Si02 material is being etched, the 
etching is immediately stopped. Fig. 10 shows signals 
SI, S'1. S2 and S'2 in that particular situation, wherein 
signal S'1 is represented by cun^e 36. In this case, the 
rule is: starting from RATE TIME KT of signal S*1 for a 
maximum duration of 120 s. if signal S'1 amplitude 
raises above 1500 (arbitrary unit) and decreases below 
600 and then raises again above 1500, this means that 
the etch rate is too high. The alert code is "IMMEDIATE 
TOOL STOP" and the recommended action Is thus to 



stop the plasma etcher tool. In this particular case, all 
the remaining wafers of the lot undergoing processing 
are visually controlled to check the presence of the AB2 
photoresist layer 25. 

5 

EXAMPLE IV 

[0049] This example relates to a tool misfunction. It 
happens sometimes that the chamber inner walls are 

10 covered with byproducts (typically polymers) of the 
chemical reaction produced by the etching. When step 
A is initiated, these byproducts are etched first, so that 
the planned etch time defined to fully remove the AB2 
photoresist layer 25 reveals to be not sufficient and at 

IS the end of step A. the wafer comes out of chamber 1 1 -1 
still with an AB2 photoresist coating. The alert code will 
indicate to the computer that a further etch is necessary. 
The criteria developed by the process engineers to 
characterize this situation may be understood in con- 

20 junction with Fig. 1 1 . Rg. 1 1 shows signals S1 . S'1 , S2 
and S'2 corresponding to that situation. The test will be 
performed on the amplitude of signal SI represented by 
curve 37. Two tests are performed at an interval of 60 s, 
and if the difference in the signal amplitude is greater 

25 than 1 0%. the alert code will indicate that an additional 
etch of a determined duration must take place. 

EXAMPLE V 

30 [0050] During the AB1 or AB2 photoresist deposition, 
a drop of resist often ^Is at the center of the wafer form- 
ing a k)cal thickness Increase. When the wafer will enter 
in step C, this defect inhibits the etch end point detection 
so that the wafer Is etched the maximum allowed etch 

35 time. Fig. 12 shows signals S3. S'3. S4 and S*4 corre- 
sponding to that situation. In this case, the rule specifies 
that if an asymmetry is detected in signal S3 repre- 
sented by curve 38, an alert code "STOP AT DEFAULT 
TIME" is flagged. The recommended action will be to 

40 continue the etching during a pre-determined time 
(default time). 

EXAMPLE VI 

45 [0051] When the RF generator stops and restarts 
immediately, e.g. during step A. the SI signal iafia and 
rises again. Its derivative signal S'1 goes more abruptly 
the same way. The surge that is generated causes a 
false etch end point so that step A is stopped too early. 

so Next, the wafer Is processed according to step B. 
Rnally, when the wafer is submitted to step 0, a large 
amount of photoresist AB2 still remain atop the wafer. 
The step C chemistry being selective, will not etch the 
TEOS Si02 material. As a final consequence, if no 

55 alarm Is flagged during step A, the wafer will exit the 
step C with an un-attacked TEOS SI02 layer 22 and It 
will be rejected after the chem-mech planarization step. 
Fig. 13 shows signals Si, S'1. S2 and S'2 conrespond- 
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ing to that situation. The curves representing signal S1 
and S'1 are referenced 39 and 39* respectively. In this 
case, the rule defined by the process engineers is: thirty 
seconds after step A is started, checks signal SI ampli- 
tude, if the variation between two samplings is greater s 
than 5%, an alert code of "IMMEDIATE STEP STOP" 
should be flagged. The recommended action will still be 
to by-pass the B and C steps. 
[0052] The different operations that lead to the con- 
struction "alarm" component of the database are sche- io 
matically summarized by the flow chart referenced 40 in 
Fig. 14. Let us consider the sequence of operations for 
the first processing step labelled A of a global process 
which includes a number of steps labelled A to X. Now 
turning to Rg. 14. the first operation consists to select is 
the right process parameters to monitor step A and 
establish their evolution during a processing conducted 
in nonnal conditions (box 41 -A). The evolution of these 
selected process parameters will be used, as a refer- 
ence, to supervise the process in-line and in real-time. 20 
In this particular case of the "AB ETCH" process, these 
selected process parameters, at least includes the four 
signals SI, S'1, S2 and S*2 depicted in Rg. 4, Next, all 
the possible deviations with respect to normal process 
conditions are identified and the evolution of said 25 
selected process parameters is established for each 
deviation (box 42-A). Moreover, still for each deviation, 
analysis rules, including criteria of rejection, are defined 
to characterize this particular situation (box 43- A). Note 
that, if several process parameters are used, the super- so 
visor will analyze them in parallel. Then, specific analy- 
sis algorithms are developed (box 44-A). As a matter of 
fact, there is a specific set of algorithms adapted to each 
step. These algorithms are developed by the process 
engineers and are clearly within the scope of a man 35 
ordinary skilled in the art. An alert code and the recom- 
mended action to be taken are assigned to any Identi- 
fied deviation (box 45-A). Finally, this sequence of 
operations is performed for each step A to X of the glo- 
bal process. All these alami related data are stored in a 40 
database labelled DATABASE in box 46 of Rg. 14. This 
database, referred to as database 46 hereinbelow, is 
preferably lodged in supervisor 35. although an external 
datat)ase oould be environed as well. Database 46 
thus includes all the pertinent "alarm" related. In other 45 
words, it includes the evolution of the selected process 
parameters in normal operating conditions and in the 
identified deviations thereof, the analysis rules with their 
associated rejection criteria (formulated in the fbmi of 
analysis algorithms) and finally, the alert codes and the so 
actions to be undertaken that are assigned to each devi- 
ation. Because of the obvious flexibility of the above 
described procedure, the "alarm" oonponent of data- 
base 46 may be thus adapted to one or several steps of 
the wafer fabrication process and to one or several tools ss 
of tiie manutecturing tine. 



NOVEL PROCESS FLOW 

[0053] The novel process flow will be desaibed by ref- 
erence to Fig. 15 where it bears numeral 47. It is thus 
applicable to any processing step and to any tool of the 
wafer fabrication process. For a determined processing 
step, the wafer is loaded in the specified chamber of the 
tool (step 48). Then, computer 12 down-loads: the batch 
(or lot) name, tiie process name, the step name and tiie 
wafer ID fidentification number) in the supervisor 35. 
Note that the batch and process names are only loaded 
at the first step of the process and the wafer ID is loaded 
at each wafer change and for each step. According to an 
important feature of the present invention, a measure- 
ment is performed, if so required, at this stage of the 
processing step (step 49). It is performed in-situ by 
internal measurement unit (e.g. 17-1 in Rg. 7) lodged in 
tiie EPD controller (e.g. 14-1). However, as apparent in 
Fig. 15, a variant consists to perform this measurement 
step 49 before loading the wafer in the tool chanrriber. In 
this case, it is conducted in measurement unit 17" 
lodged in tool 11. Upon receipt of the measurement 
results, tiie supervisor 35 stores tiie measurement 
result in database 46 either for immediate or subse- 
quent exploitation. Supervisor 35 may either use the 
measurement result or instead retrieve corresponding 
measurement data that were previously stored in data- 
base 46 to up-date (i.e. to change one or several proc- 
ess parameters for the said processing step (box 50). 
As apparent in Rg. 15. this data exchange with data- 
base 46 that is possible at step 50 denotes cleariy tiie 
interactive aspect of the method of the present inven- 
tion. Now, the processing (e.g. etching, deposition. ... 
and the like) of the wafer is initiated for this step in con- 
sideration and the EPD controller (and/or any control 
device) tiiat monitors tiiis particular step is activated 
(step 51). Simultaneously, the supervisor 35 starts tiie 
analysis of the selected process parameters by apply- 
ing the adequate algoritiims stored in the dat^se to 
analyze the corresponding signals generated by ttie 
EPD controller according to the analysis rules stored in 
tiie database (step 52). As a result, the evolution of the 
selected process parameters is permanently analyzed. 
Upon occurrence of any selected process parameter 
drift, tiie supervisor 35 tests if any of tiie rejection crKe- 
ria set up by the process engineers is met (step 53). It is 
the role of the analysis algorithms to recognize any 
identified deviation to ttie normal process. The analysis 
and the test are thus performed in-situ and in real-time. 
If an anomaly (i.e. a deviation) is detected, supervisor 
35 provides an alert code to tiie computer 12, so that 
the adequate action can be immediately taken (step 
54). If none anomaly has been detected by the supervi- 
sor 35, the step in consideration is continued until end 
(step 55). Ttie results of tiie measurement performed in 
step 49 (if any), the process parameters that are essen- 
tial for this step and tiie evolutions of tiie selected proc- 
ess parameters which monitor this step constitute tiie 
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so-called "step report" for that determined step and the 
wafer In consideration. The alert code and the action to 
be taken constitute the so-called "alarm report" (step 
56). The step and alarm reports are stored in the data- 
base 46 in a file referred to as the "wafer history" as It 5 
will be explained in more details later on. Finally, the 
wafer is then ready to go to the next step (step 57). 
[0054] Fig. 16 depicts flow chart referenced 58 which 
summarizes at a high level the construction of the wafer 
history for each wafer of the batch. As apparent in Fig. 10 
16, the wafer history is thus, for a wafer identified by its 
ID. the sum of all the step/alarm reports established for 
every step of a determined process. In turn, the sum of 
alt the "wafer history" of the wafers of the batch consti- 
tute a second component of database 46. refenred to as is 
the "batch history". Other components of database 46 
may be envisioned as well. For instance, some data of 
the batch history file may be processed for special pur- 
poses to provide batch statistics as shown in Fig. 16 by 
a third component of datat)ase 46 referred to as "batch 20 
statistics". For Instance, the batch statistics component 
may include the average value of the etch rates that 
have been measured for all the wafers of the batch at a 
determined step. In summary, the database 46 is typi- 
cally comprised of three components: two are specif!- ss 
cally related to the wafer: the "alarm" and "wafer history" 
and the third one is related to alt the wafers of a t>atch: 
the "batch statistics". The batch history is formed by the 
juxtaposition of the "wafer history" of all the wafers of 
the t>atch. 30 
[0055] Let consider now. the reduction to practice of 
the novel process flow 47 of Fig. 1 5. when applied to the 
"AB ETCH/ AB STRIP" process. 
[0056] When the wafer enters in cfiamber 11-1. the 
batch name (e.g. batch ID#1), the process name (e.g. 35 
"AB ETCH") and the step name (e.g. A) have been 
already sent to supervisor 35 by computer 12 and 
optionally, a part of this information can be sent to EPD 
controller 14-1 thru bus 18 if there Is some intelligence 
therein. Note that, at this stage of the process, a meas- 40 
urement step can be conducted by internal measure- 
ment unit 17*-1 , for instance, to determine the thickness 
of the dual AB1/AB2 photoresist layer. If this measure- 
ment is performed, the measured value is stored in the 
step A report. Note also, that some step A process ^ 
parameters can be ip-dated through this measurement 
step (or a previous measurement step) before step A 
starts. Now, the wafer ID is sent to supervisor 35 and 
step A process starts, so does EPD controller 14-1 to 
generate signals SI. S'1. S2 and 8*2, that are immedi- so 
ately processed by the specific analysis algorithms 
(selected as soon as the step name is down-loaded in 
the supervisor 35). If an anomaly is detected during the 
test, depending upon the Identified deviation, the corre- 
sponding alert code is sent to computer 12 to take the ss 
appropriate action. A typical action is to by-pass the 
remaining steps B and C. However, depending upon the 
seriousness of the deviation, either the process or the 



tool can be stopped, (f no anomaly Is detected, the 
wafer is processed until step A termination. Some proc- 
ess parameters and the evolutions of the selected proc- 
ess parameters for this step (if of importance for the 
subsequent steps) and the alert code are stored in two 
different files labelled step report and alarm report 
(could be merged in a single file). 
[0057] Then, wafer enters step B. Step B name is sent 
to supervisor 35 by computer 12. Step B is not moni- 
tored by EPD controller 14-1 unlike step A, its duration 
is determined by a fixed time. However, supen/isor 35 
may analyze other signals, such as the signal related to 
the occurrence of a possible general failure (e.g. a RF 
shut-down). If no anomaly is detected, no alarm is 
flagged. At the end of the step 6 process, the step and 
alarm reports for step 6 are stored in database 46. 
Before the wafer enters step C, a measurement step 
can be performed by internal measurement unit 17*-1 of 
EPD controller 14-1, The role of this step is to check 
whether or not the thickness of the TEOS Si02 layer 22 
is still within speciffoations. This thickness is a good 
example of a process parameter that is stored in the 
step report. If the thickness is within the specifications, 
the wafer enters in step C. 

[0058] Supen/isor 35 retrieves from the batch statis- 
tics file, the average etch rate such as determined by 
the similar measurements conducted with the prior 
processed wafers (starting from a default value). Super- 
visor 35 is then able to compute an accurate etch time 
for step C that is admittedly very dose to the ideal dura- 
tion to etch the TEOS Si02 layer 22. Step 0 process is 
now conducted to its end. Likewise, at the end of step C, 
the step and alarm reports are stored in the wafer his- 
tory file of that wafer in consideration in database 46 for 
up-date. As a consequence, the tatch history file, and in 
turn, the batch statistics file are also up-dated to take 
into account the value of the etch rate that has been 
really measured during step C to smooth the average 
value of this process parameter therein. Processing the 
wafer in chamber 1 1 -1 is now finished. 
[0059] Wafer is directly transfen-ed to chamber 1 1 -2 to 
perform step A of the "AB STRIP" process. However, a 
measurement can be performed in measurement unit 
17" in-between. When step C is completed, the step 
report and the alarm report (if any) are stored, so that 
the wafer history of this wafer is now conplete for the 
"AB ETCH/AB STRIP" process. If no alarm has been 
flagged during the process, this means that all the 
wafers of the lot are good. On the contrary, if an alarm 
has been flagged, the failed wafer can now be identified 
by its wafer ID and the cause of the failure can be found 
in the step and alarm reports. So that no wafer charao- 
tedzation is necessary at the end of the "AB ETCH/AB 
STRIP" process. 

[0060] The above step sequence for a correctly proc- 
essed wafer may be schematically summarized as fol- 
lows. 



11 



21 



EP 0 932 194 A1 



22 



1) Unload wafer from cassette and load wafer In 
chamber 11-1. 

2) Run the three steps A to C of the "AB ETCH" 
process and step A of the "AB STRIP" process In 

sequence, except if an alarm is flagged. In this s 
case, the next steps are generally by-passed, 
although sometimes the process or the tool cham- 
ber can be stopped. 

3) Unload wafer from tool and load in cassette. 

4) Go to the next process. io 

[0061 ] The flow chart 59 depicted in Fig. 1 7 summa- 
rizes the above desaiption relative to the "AB ETCH/AB 
STRIP" process and further allows a pertinent compari- 
son with the chart shown in Fig. 6. As apparent in Fig. is 
17. measurement steps that were externally performed 
in measurement units 17-1 (TEOS Si02 layer 22 thick- 
ness) and 17-2 (batch characterization) are no longer 
necessary. Because the wafer does not need to be 
checked in measurement unit 17-1 before it is sent to 20 
chamber 11-2, the "AB ETCH/AB STRIP" process is 
fully ciusterized. i.e. a direct transfer between chambers 
11-1 and 1 1 -2 Is now possit)le. and all the steps thereof 
are performed in tool 1 1 . 

[0062] Flow chart referenced 60 in Rg. 18 shows a 2S 
variant of flow chart 59 depicted in Fig. 17, in that there 
is no longer any measurement (of the type labelled 49 in 
Fig. 17) performed by the measurement units 17-1 and 
17" in the course of the "AB ETCH/AB STRIP" process 
flow. In this case, the measurement results are indirectly 30 
obtained from the processing of the above mentioned 
selected process parameters. However, the database 
operates with the store (for up-date of the wafer history) 
and retrieve steps as desaibed above. For instance, 
step B of the "AB ETCH" process such as described 35 
above can be conducted differently. Normally, the etch- 
ing of the TEOS Si02 and AB1 photoresist layers is per- 
formed for a duration that is determined by a fixed time. 
Instead, this duration may be extrapolated from the etch 
rate value of the AB2 photoresist layer 25 such as deter- 40 
mined in step A through the monitoring of signal S*2 
(see curve 29 in Fig. 4). that was stored in the step 
report thereof. In this case, this etch rate value is thus 
retrieved from the database 46 to up-date the etch time 
that is necessary to etch the TEOS Si02 and AB1 pho- 45 
loresist materials before step B starts. This Is possible 
because the etch mixture that is used in step 6 has no 
noticeable selectivity between the materials of the 
AB1/AB2 photoresist and TEOS Si02 layers. 
[0063] Rnalty. the supervisor 35 that fully controls all so 
the steps of the "AB ETCH/AB STRIP" process, through 
EPD controllers 14-1 and 14-2 now guarantees that 
only good wafers will be oonpletely processed. Moreo- 
ver, the method and system of the present invention 
allows a total ciusterized (i e. in-situ) "AB ETCH/AB ss 
STRIP" process. Finally, failed wafers can now be 
immediately identified at the tool output by their identifi- 
cation number (wafer ID). Rnally, some components of 



the database (e.g. batch history and batch statistics 
files) may reveal to be of great value for other processes 
or in other locations of the manufacturing line. For 
instance, the exploitation of data related to the set of 
"batch history" of good wafers provide interesting infor- 
mation as to the evolution of operating characteristics of 
the process tool, allowing thereby to develop the predic- 
tive maintenance of the process tool and to change 
some process parameters thereof to correct some drifts 
that could occur during a long period in the manufactur- 
ing line. The study of a specific process parameter 
through a number of "batch history", for instance the 
etch rate at a determined step of the wafer processing, 
could reveal to be an important data of the "batch statis- 
tics" file for the same reasons. Finally, the exploitation of 
the data related to the "wafer/batch history" of bad 
wafers is also of great value, for instance for reworkable 
wafers. 

Claims 

1. Method for real-time in-situ Interactive supervision 
of a determined step of a process for fabricating a 
semiconductor wafer belonging to a batch of wafers 
comprising the preliminary steps of: 

a) selecting at least one process parameter 
that is determining for the monitoring of that 

determined step; 

b) establishing a database including: 

a first file referred to as the "alarm" conpo- 
nent of this database which contains in 
coded form: 

the evolution of said selected process 
parameter in nomial operating condi- 
tk>ns and in all the deviations thereof 
kientif ied by process engineers; 

algorithms representative of the analy- 
sis rules defined by process engineers 
adapted to recognize any such devia- 
tbn which include rejection criteria for 
each deviation; and. 

an alert code for each case of devia- 
tion; 

- a second file refen^ed to as the "wafer his- 
tory" component of this datat}ase whtoh 
contains in coded form the history of the 
wafer until this step with a reference to the 
batch, the process and the step names for 
that determined step and the kJentification 
number of the wafer In consideration; 
wherein said wafer history includes the 
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important process parameters and the 
evolution of said selected process parame- 
ter for the previous process steps still for 
the wafer in consideration; 

5 

the method further comprising for that deter- 
mined step, the steps of: 

c) providing: 

10 

- a tool having at least one chamber Ibr 
processing the wafer at sakJ determined 
step of the fatxicatlon process; 

- a tool computer to control the physical is 
process parameters of the tool; 

- at least one monitoring equipment, to mon- 
itor at least one selected process parame- 
ter that is determining for said step ; 20 

- at least one measurement unit internally 
mounted in the monitoring equipment 
and/or in the process tool that Is capable to 
perform in-situ process parameter meas- 25 
uremenfs; 

a supervisor that is connected through a 
network to said computer, said monitoring 
equipment, said measurement unit and 30 
said database to supervise the process 
flow for said determined step; 

d) introducing the wafer in the tool chamber; 

35 

e) in-situ measuring a determined process 
parameter (e.g. a thickness) with said meas- 
urement unit, the value of vt^ich is stored in the 
database for immediate or subsequent use; 

40 

f) retrieving said value from the datafc>ase for 
immediate exploitation in said determined step 
to up-date at least one process parameter (e.g. 
an etch rate) to change the operating condi- 
tions thereof; 4S 

g) starting wafer processing 

h) permanently analyzing the evolution of said 
selected process parameter by the supervisor so 
for comparison with the corresponding data 
stored in the database to detect in real-time in- 
srtu any deviatfon that could occur during said 
determined step; 

65 

i) continuing wafer processing to normal end if 
no deviation is detected and in the contrary tak- 
ing the corrective action defined by the alert 



code conresponding to the detected deviation; 
and, 

j) storing all the data that are representative of 
the processing for said determined step in a so- 
called "step report" and the alert code (if any) in 
an "alarm" report to up-date the wafer history 
file of the wafer in consideration. 

2. The method of claim 1 wherein alt the steps c) to h) 
are repeated for all steps of the process and 
wherein all said step and alarm reports are stored 
in the database to constitute the Vafer history" of 
that wafer for the process in consideration. 

L The method of claim 2 wherein the "wafer history** 
for all the wafers of the batch are groined in the 
database to constitute the "batch history" file. 

L A system for processing a semiconductor wafer 
having real-time in-situ interactive supervision 
capabilities according to a determined process 
comprising: 

a) a tool having at least one chamt}er to per- 
form said wafer processing; 

b) a computer for controlling the physical proc- 
ess parameters of the tool; 

c) a monitoring equipment for monitoring at 
least one selected process parameter of the 
process which takes place In the tool chamber; 

d) at least one measurement unit mounted 
internally in the monitoring equipment and/or in 
the process tool to perform in-situ process 
parameter measurements; 

e) a database which contains 

- a first file referred to as the "alarm" conpo- 
nent of this database which contains in 
coded form: 

the evolution of said selected process 
parameter in normal operating condi- 
tions and in all the deviations tiiereof 
Identified by process engineers; 

algorithms representative of the analy- 
sis rules defined by process engineers 
adapted to recognize ariy such devia- 
tion which include rejection criteria for 
each deviation; and. 

an alert code for each case of devia- 
tion; 
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- a second file referred to as the Vafer his- 
tory" component of this database which 
contains in coded form the history of the 
wafer until this step with a reference to the 
batch, the process and the step names for $ 
that determined step and the identification 
number of the wafer In consideration; 
wherein said wafer history includes the 
important process parameters and the 
evolution of said selected process parame- w 
ter for the previous process steps still for 
the wafer in consideration; 

f) supervising means that are connected 
through a network to the monitoring equip- is 
ment, the measurement unit, the computer and 
the database that is adapted to: 

- (1) initiate an in-situ measurement in the 
measurement unit whenever required; 20 

- (2) store the result of the measurement in 
the wafer history file in the database; 

- (3) retrieve the result of the measurement 25 
of the current step or the corresponding 
result of a previous step from the wafer his- 
tory file; 

- (4) compare the data generated by the 30 
controller during current wafer processing 
with the corresponding data stored in the 
database to detect any deviation to normal 
operating conditions; 

35 

- (5) take the corrective action as soon as 
the alert code Is available; and, 

- (6) store all the data that are representa- 
tive of the processing for the cun-ent step in 40 
a so-called "step report" and the alert code 

(if any) in an "alarm" report to up<late the 
wafer history file of the wafer in considera- 
tion. 

45 

The system of claim 4 wherein said monitoring 
equipment is an EPD controller. 
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